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The PBj14 isolate of simian immunodeficiency virus, SIVsmmPBj14 , is an acutely pathogenic lentivirus that causes severe
gastrointestinal disease in macaque monkeys. The studies reported here examine the basis for the enteropathic phenotype
of SIVsmmPBj14 , using flow cytometric analysis of cultured macaque lymphocytes and immunohistochemical staining of tissue
specimens from virus-infected macaques. The data show that enteropathic molecular clones of SIVsmmPBj14 induce expression
of the aEb7 integrin, which is believed to mediate mucosal retention of T-cells, whereas molecular clones from nonentero-
pathic derivatives of SIVsmmPBj14 do not do so. Thus, elevated expression of aEb7 may be responsible, at least in part, for
the accumulation of abnormally large numbers of T-cells within the intestinal mucosa during acute SIVsmmPBj14 infection.
q 1996 Academic Press, Inc.
Acute infection with human immunodeficiency virus recruitment to the intestine via integrins such as LFA-1
and a4b7 (8, 9). However, the retention of newly recruitedtype 1 (HIV-1) is often marked by a flu-like illness which
is characterized by diarrhea, lymphadenopathy, and fever lymphocytes within GALT depends on additional inte-
grins, notably aEb7 (10 – 12). This molecule facilitates theand is accompanied by extensive virus replication (1).
Similar symptoms also occur during the initial phase of adherence of human intestinal intraepithelial lympho-
cytes (iIEL) to the basement membrane of the gut muco-simian immunodeficiency virus (SIV) infection in ma-
caque monkeys (2, 3), and recent findings suggest that sal epithelium (11) and is expressed by over 95% of hu-
man iIEL, but by less than 2% of circulating lymphocytesthis acute phase of lentiviral infection may have important
implications for the subsequent progression of disease (12). We therefore decided to assess the expression of
aEb7 on SIVsmmPBj14-infected lymphocytes. Peripheral(4). One strain of SIV, SIVsmmPBj14, induces a particularly
severe acute infection in experimentally inoculated pig- blood mononuclear cells (PBMC) from SIV-seronegative
pig-tailed macaques were isolated from whole blood us-tailed macaques (Macaca nemestrina), with profuse
bloody diarrhea, high levels of virus replication in gut- ing Ficoll– Paque (Pharmacia) and resuspended at a con-
centration of 2 1 106 cells per milliliter in RPMI 1640associated lymphoid tissues, and damage to the mucosa
of the gastrointestinal tract; in most cases death ensues medium supplemented with 10% human AB serum
(GIBCO). PBMC were then exposed to infectious viruswithin 7 to 10 days postinfection (5, 6). The present stud-
ies were performed to investigate the basis for the lym- stocks corresponding to either the acutely enteropathic
molecular clone of SIVsmmPBj14 , DEW-1, or a molecularphocyte accumulation that occurs in the intestinal mu-
cosa of SIVsmmPBj14-infected macaques (5), since this may clone from a nonacutely pathogenic derivative of
SIVsmmPBj14, DEW-3 (13), at a multiplicity of infection ofcontribute to virally induced enteropathy by increasing
the local production of enterotoxic factors, such as proin- 0.003. Parallel cultures of human PBMC were maintained
in the presence of 0.1% PHA and served as positiveflammatory cytokines (6, 7).
The increased number of T-cells within the intestinal controls for aEb7 expression (14). After 7 to 10 days,
PBMC were reacted with saturating concentrations ofmucosa of SIVsmmPBj14-infected macaques may reflect
lymphoid hyperplasia, but may also be due in part to monoclonal antibodies specific foraEb7 (2G9, 28C12, and
26F9; gift from Dr. M. B. Brenner), followed by FITC-conju-virally induced inflammation of the submucosa. This in-
flammatory response is expected to result in lymphocyte gated goat F(ab* )2 anti-mouse IgG, IgM, and IgA (1:50
dilution; Cappel). Cells were then fixed in 1% paraformal-
dehyde and 1 1 104 cells were analyzed with a fluores-1 To whom correspondence and reprint requests should be ad-
cence-activated cell sorter (FACscan, with Lysys soft-dressed. Fax: (716) 473-9573; E-mail: DWRT@BPHVAX.BIOPHYSICS.-
ROCHESTER.EDU. ware; Becton – Dickinson).
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TABLE 1
Percentage of PBMC expressing Percentage of PBMC expressing a4b7 RT activity (cpm/ml)
Treatment Comment aEb7 (mean { standard error) (mean { standard error) (mean { standard error)
None 6.0 { 1.0 28.3 { 9.2 2531 { 896
DEW-1 AE 39.6 { 4.9* 40.0 { 5.9** 9953 { 2251
DEW-3 NAE 5.6 { 1.1 30.3 { 7.4 3510 { 186
PHA a 36.5 { 5.6 ND ND
Note. Means are derived from the results of at least three independent experiments, using PBMC from two (a4b7) or three (aEb7, RT activity)
different donor macaques.
a PBMC used for the PHA control were of human origin (11); AE, acutely enteropathic molecular clone of SIVsmmPBj14; NAE, nonacutely enteropathic
molecular clone of SIVsmmPBj14; ND, not determined.
* Statistically significant difference in aEb7 expression in DEW-1-infected PBMC relative to DEW-3-infected PBMC (one-way ANOVA; P  0.005).
** No statistically significant difference in a4b7 expression in DEW-1-infected PBMC relative to DEW-3-infected PBMC (one-way ANOVA; P 
0.36).
Table 1 summarizes the results of four independent modestly, if at all, by SIVsmmPBj14 infection (Table 1), indi-
cating that viral effects on aEb7 are specific and notexperiments performed with PBMC from three different
macaques. As expected, PHA stimulation of human indicative of an extensive global increase in integrin ex-
pression. Increased expression of aEb7 expression was,PBMC resulted in the efficient induction of aEb7 expres-
however, found to be dependent on efficient viral replica-sion (37% of cells analyzed were aEb/7 ), while resting
tion in resting PBMC, since only virus DEW-1 was ablehuman PBMC (not shown) or resting macaque PBMC
to replicate to detectable levels in these cultures (asexpressed only very low levels of this integrin (6% of cells
measured by reverse transcriptase activity in culture su-were aEb/7 ). Macaque PBMC that were cultured in the
pernatants; Table 1). This finding suggests thatpresence of the acutely enteropathic molecular clone of
SIVsmmPBj14 replication, or virally induced cytokines, maySIVsmmPBj14, DEW-1, in the absence of any other exoge-
be important for the upregulation of this integrin. Candi-nous mitogen expressed aEb7 at high levels (40% of cells
date cytokines that might be important for this effect onwere aEb/7 ), whereas PBMC infected with the nonacutely
expression of aEb7 include tumor necrosis factor-b (17)pathogenic derivative of SIVsmmPBj14, DEW-3, did not ex-
and transforming growth factor-b (18), although addi-hibit any increase in aEb7 expression (6% of cells were
tional studies will be required to investigate this issue.aEb/7 ).
To confirm and extend our in vitro findings on aEb7Dual-color flow cytometric analysis of PBMC infected
expression, postmortem intestinal tissues from two unin-by the DEW-1 clone revealed that both CD8 and CD4
fected pig-tailed macaques and three pig-tailed ma-cells were present in the aEb/7 cell population at a ratio
caques that died 5– 7 days following acute infection withof approximately 2 to 1 (mean ratio from three indepen-
SIVsmmPBj14 (molecular clone PBj6.6Nde/) were tested fordent experiments 1.9 to 1; data not shown). In addition,
the expression of aEb7. Frozen tissues obtained at nec-studies using macaque PBMC infected with other molec-
ropsy were placed in embedding medium (OCT com-ular clones of SIVsmmPBj14 were carried out, including
pound) sectioned at 6-mM thickness, acetone fixed (47)clones PBj6.6Nde/ (acutely enteropathic) and PBj6.6/
for 10 min, and rehydrated extensively in 11 PBS. ThesmH4 gag (nonacutely pathogenic) (15, 16). These vi-
tissue sections were then incubated with either aEb7-ruses exhibited properties very similar to those of DEW-
specific monoclonal antibodies (2G9, 26F1, 28C12) or a1 and DEW-3, respectively (not shown), confirming that
control isotope-matched mouse anti-human monoclonalthe ability to stimulate cellular expression of the aEb7
antibody overnight at 47. After rinsing, the sections wereintegrin correlated well with viral enteropathicity.
treated with biotin-conjugated F(ab* )2 anti-mouse Ig fol-In light of the effect of SIVsmmPBj14 infection on the ex-
lowed by avidin-conjugated horseradish peroxidase andpression of aEb7 , we conducted experiments to assess
the chromogenic substrate diaminobenzidine (DAB; Vec-whether a closely related integrin, a4b7 , was also upreg-
tor Laboratories, Inc., Burlingame, CA). The slides wereulated by viral infection. As noted above, a4b7 is involved
then counterstained with hematoxylin, so as to visualizein the initial recruitment of lymphocytes to GALT (9), and
cellular nuclei and allow visualization of tissue mor-its expression was assessed by flow cytometry using the
phology.Act-1 monoclonal antibody (generous gift from Dr. D. J.
Representative immunohistochemical staining of sec-Ringler, LeukoSite, Inc.), which is specific for a conforma-
tions from the intestinal mucosa of an SIV-negative (Figs.tional epitope on the a4b7 heterodimer (10). Unlike aEb7 ,
1A and 1C) or an SIVsmmPBj14-positive (Figs. 1B and 1D)a4b7 was found to be expressed at a high level on resting
PBMC (10), and its expression was upregulated only pig-tailed macaque are illustrated in Fig. 1. aEb/7 cells
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